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ABSTRACT 
The distribution of histamine and histidine decarboxylase activity in epiderm is and 
upper dermis, mid dermis and lower dermis in human a llergic contact dermatitis was 
studied by direct microchemical analysis of individua l serial microtome sections with his-
tological correlations. The occurrence of preformed histamine and of histidine decarbox-
ylase activity were established for 5 patients with allergic contact dermatitis and the re-
sults compared with those obta ined in 6 control subjects. The concentration of preformed 
histamine was significantly increased throughout a ll of t he histologic regions of the derma-
tit ic skin. The 48-hour old inflammatory reaction, invoked by patch testing in patients 
with allergic contact dermatitis, produced a sign ificant increase in histidine decarboxylase 
activity in the upper layers of the sk in , but had no effect in the lower dermis. 
While the association between histamine and 
immediate hypersensitivity is well established (1-
4), the role of histamine in delayed hypersensi-
tivity remains uncertain. There is, however, evi-
dence that histamine metabolism may be de-
ranged at the site of a delayed skin reaction. In-
creased histamine concentration has been found 
in involved skin in allergic contact dermatitis of 
the guinea pig (5, 6) and man (7). Histamine is 
irregularly released in human cutaneous inflam-
mation due to allergic contact dermatitis (8). In 
tuberculin skin reactions in the guinea pig and rat 
Schayer and Ganley (9) and Graham and Schild 
(10) found increased histidine decarboxylase ac-
tivity. The enzyme activity was determined by 
these authors in skin homogenates, and therefore 
the site of action of the enzyme in the skin lesions 
could not be established. However, Schayer (11) 
in a subsequent work suggested that histidine 
decarboxylase activity may be particularly high 
close to vascular endothelia l ce lls where it synthe-
sizes histamine at a rate determined by the re-
quirements of the t issue for blood. 
In the present study, human a llergic contact 
dermatitis was chosen as a model delayed inflam-
matory reaction and a quantitative study of both 
histamine and histidine decarboxylase activity in 
microtome sections of dermatitic ski n has been 
performed to provide histological loca li zation. 
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MATERIAL AND METHODS 
Patients. Allergic contact dermatitis was studied in 5 
patients, 2 of whom were sensitive to nicke l, 1 to chro-
mate, 1 to formalin and 1 to neomycin. Patch tests, to 
establish the presence of contact hypersensitivity, were 
carried out on the latera l aspect of the thighs according 
to the criteria of Fisher (12). Using these criteria , con-
tact hypersensitivity was confirmed in a ll 5 patients. 
Six subjects with loca lized non-inflammatory sk in 
conditions, not involving the thigh skin, served as con-
trols. 
Sampling. Punch biopsies (6 mm diameter) were ob-
tained from a reas with positive patch tests 48 hours 
after application of the patches in the dermatitis group 
and from clinica lly normal skin in the control group. 
Identical areas of the thighs were sa mpled in both 
groups, 1% xylocaine being used for local anesthesia. 
Preparation of sections. A detailed account of the 
methods of preparation of the sections and de termina-
tion of histamine and histidine decarboxylase activity 
was given in a previous paper (13) . Each 6 mm frozen 
sk in biopsy specimen was p laced in a cryostat at - 15° 
C. With the epidermal surface downward , a cylinder 
was bored out with a drill press. The cylinder was 
mounted on the head of the mi crotome in the cryostat 
and the microtomy of the tissue, to obtain fresh-frozen 
circular sections (3 m m dia meter, 16 11 thick, 0.113 11l 
volume} for determination of histamine and histidine 
decarboxylase activity, followed the procedure com-
monly used in this laboratory {14, Vol. I, pp. 22- 28) . 
One section was placed in a glass reaction tube for his-
tamine determination and the next adjacent section was 
p laced in another tube for enzy me assay. Such sets of 2 
sections were cut serially throughout the ep iderm is and 
superficial part of the dermis. In the remaining dermis 
only 1 such set of 2 sections from each 10 sections was 
used, since li ttle change in histamine and histidine de-
carboxylase activity occurred in this region. Sections, 16 
11 th ick, of the tissue ring left afte r removi ng the cylin-
der, were obtained in a sim ilar way by microtomy in the 
cryostat, and these sections were stained with 0.1 % to-
luidine blue for histological identification for correlation 
with the chemical analyses. 
Histamine determination. The fluorometric proce-
dure of von Redli ch and Glick (15) was used with 2 
changes described by Kim and Glick (16). 
Determination of histidine decarboxy lase activity . 
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TABLE 
Histamine, preformed and generated by histidine decarboxylase activ ity, in histological regions of normal and 
dermatitic human thigh skin 
l~ p i derm i s Upper dermis Mid derm is Lower dermis 
Histamine 
N E N E N E N E 
P reformed 0.82 ± 1.36 ± 0.84 ± 1.55 ± 1.01 ± 1.75 ± 1.01 ± 1.80 ± 
0.08 0.18 0.12 0.17 0. 15 0.23 0.14 0.23 
P reformed + 1.04 ± 1.82 ± 1.09 ± '1.90 ± 1.26 ± 2.06 ± 1.30 ± 2.11 ± 
generated 0.09 0.22 0.11 0.19 0.17 0.25 0.15 0.20 
All va lues: ng histami ne (mean ± standard error)/section (16 Jl thi ck, 3 mm d iam. , 0.113 J.ll val.). 
N : normal (6 subjects). 
E: patients (5 subjects). 
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FIGURE. Mean quant itat ive histologic d ist ribut ion of histidin e decarboxy lase act ivity (ng hista'mi ne generated/ 
sect ion) in normal a nd dermatitic human thigh skin (c ircular t issue sect ions, 3 mm d ia m. , 16 Jl t hick, 0.113 J.l l vol.). 
Columns show mean values in histologic zones from a na lyses of ind ividua l s ki n biopsies from 6 control subjects and 5 
patients with contact de rmatitis . Vert ical li nes on colum ns give sta ndard error of mean. Histologic zones are indicated 
by letters: C, stratum corneum a nd stratu m gra nulosum ; S, stratum spinosum; B, st ratu m basale; P, dermal papillae: 
D, de rmis . 
T he method of Kim and Glick ( 16) for determ inat ion of 
the enzyme act ivi ty in m icrotome sections was used . 
T he skin was incubated for 3 hours at 37° C. in the re-
action mixture conta ining histid ine, pyridoxa l phos-
phate, aminoguanid ine su lphate and phosphate buffe r. 
T he enzyme activ ity was expressed as the amoun t of 
histam ine generated per tissue section. 
T he only change from original procedure (16) was a 
minor one due to the diffi cu lty of extracti ng t he enzyme 
from fresh skin sections. Each reaction tube conta ining 
a skin section and 40 J.ll of dist ill ed water was a llowed to 
stand 1 hour at room tem peratu re for t he extraction, 
a nd then the section was homogenized by vibrat ion 
"buzzing". 
RESULT S 
T he concentration of preformed hista mine was 
signifi cant ly increased at each of the various his-
tologica l leve ls of dermatitic skin as compared 
with normal skin (see Table). Although the con -
centration of preformed + generated histam ine 
was also increased in all regions in the dermatit is 
group (see Table), the va lues fo r histi dine decar-
boxylase activ ity (generated histamine), were ele-
vated only in the epidermis and upper dermis, 
and did not diffe r signifi cant ly in the mid and 
lower dermis in the two groups (see Figure). 
A cellular infilt rate mai nly consisting of mono-
nuclear cells and a few polymorphonuclear leuco-
cytes was seen in t he upper regions of the derma-
t itic skin . Both in t he normal and in the derma-
t itic skin mast cell s were found ma inly in the 
upper part of t he dermis correspond ing to the 
papillary and subpa pi llary regions. In the dermi 
beneath the subpapillary plexus of vesse ls the 
mast cells were slight ly scarcer than in the papil-
lary region and were mostly encoun tered near 
capillaries in t he vicinity of ha ir fo llicles, seba-
ceous glands and sweat gla nds. The mast cells 
were most numerous in dermatit ic skin . 
DISCUSSION 
T he results of the present study provide quanti-
tative evidence in accord with earlier data (5-7) 
that hista min e concentration is in creased in der-
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matitic skin, bu t in this study the elevation is 
shown to occur at all of the histological levels of 
the skin. Throughout the dermatitic skin concen-
trations ranged from 12.0- 16. 0 1-Lg per g wet 
weight compared with 7.3-8.9 in the normal thigh 
skin. Zachariae (7, 17) found 35 .4- 111.2 1-Lg per g 
fat free dry weight in dermatitic skin and 16.2-
47.0 J.lg/g in normal human thigh skin. 
The increase in preformed histamine in t he 48-
hour old dermatitic lesions may be derived from 
the increased number of mast ce lls present in the 
dermatitic skin. Asboe-Hansen (18) reported that 
numerous mast cells occur perivascula rly in con-
tact derma titis. A contribution to this increase 
might also come from histamine containing baso-
phil leucocytes, known to be abundantly present 
in the exudate of the 48-hour old dermatitic le-
sion ( 19). Furthermore, this increase may be asso-
ciated with increased hist idine deca rboxylase ac-
tivity at an earlier stage of the inf1ammatory re-
action. 
Increased histidine decarboxylase activity has 
been reported in susta ined cutaneous infla mma-
tion in laboratory animals. Schayer and Ganley 
(9) found increased his t idine decarboxylase ac-
tivity in the 24-hour delayed inflammatory reac-
tion in the guinea pig. In the tuberculin reaction 
of the rat maximum histidine decarboxylase ac-
tivity was already reached after 12 hours, bu t 
after 24 hours the enzyme activity remained only 
slightly elevated (10). In the present study no in-
crease in the enzyme act ivity was observed in the 
mid or lower dermis of eczematous skin after 48 
hours, when the clinical reaction had reached a 
max imum . However, significant e levation did 
occur in the upper skin layers. 
Sctmdergaard and Glick (13) previously provided 
quantitative evidence in accord with earlier data 
(20-25) that mast ce lls are the chief site of hista-
mine storage and formation in normal human 
skin. The parallelism observed in the present 
study at the lower levels of the dermatit ic skin 
between the preformed histamine and histidine 
decarboxylase activity provides quantitative evi-
dence to support this view, a lthough it offers no 
direct proof that mast ce lls are also the ch ief site 
of histamine formation in human dermatit ic skin. 
The fact that skin mast cells have a capacity to 
form histamine, does not exclude the poss ibili ty 
that histamine may also be formed by other cells 
in the skin, although no proof of this has ap-
peared. 
The elevated values for histidine decarboxylase 
activ ity in the epiderm is and the upper dermis of 
the dermatitic skin may indicate an increased 
formation and slow release of hista mine as sug-
gested by Schayer and Ganley (9). Even so, hista -
mine is considered by many authors to exert its 
action mainly in the earliest phase of sustained 
ini1ammatory reactions including dermatit is. His-
tamine antagonists on ly suppress the earliest 
permeability changes (e.g. see reviews, 26, 27) and 
histamine depletion of the skin with the hista-
mine liberating agent, compound 48/ 80, only de-
layed the onset but did not abolish epicutaneous 
reactions (28). 
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